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The goat mammary gland as a model infection
site for Neisseria gonorrhoeae
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Summary
Live and formalin-killed gonococci were instilled
into the mammary glands of lactating and non-
lactating goats. In lactating goats viable gonococci
elicited a limited inflammatory process whereas in
non-lactating goats, severe inflammation and swel-
ling appeared and peaked on the 3rd day after
instillation and persisted for about 10 days. No
viable gonococci were recovered after the first
day, but fluorescent antibody staining showed
gonococci in the exudate from non-lactating goats
up to 7 days after instillation.

Introduction
Research in gonorrhoea has been handicapped by the
lack of an experimental animal infection model for
Neisseria gonorrhoeae. Brown, Lucas, and Kuhn
(1972) reported infection of the urogenital tract of the
chimpanzee with gonococci, but the need remains
for a less expensive animal that is easier to handle.
Arko (1972) and Flynn and Waitkins (1973) reported
that growth of N. gonorrhoeae took place in semi-
permeable chambers implanted in the lumbar region
of rabbits and other animals. Buchanan and Got-
schlich (1973) and Baumgarner and Finkelstein
(1973) developed a model infection of the chick
embryo with N. gonorrhoeae and Diena, Ryan,
Ashton, Wallace, Perry, and Daoust (1975) reported
intracerebral infection of HPB black mice with gono-
cocci. However, the value of all of these techniques
for immunological studies remains to be determined.
The purpose of this work was to establish gono-

goccal infection in animals which would mimic
human infection. We therefore investigated the goat
mammary gland as a possible infection site for N.
gonorrhoeae because of a number of similarities to the
lower genitourinary tract of man:
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(a) The internal mucosa is easily accessible;
(b) Inoculated bacteria may be flushed away by milk,

analogous to urine in the genitourinary tract;
(c) Secretory globulins are considered an important

defence mechanism in both the mammary gland
and the genitourinary tract.

In addition, goats are easy to handle and large
samples of milk and blood can be obtained.

Material and methods
(a) Instillation
Lactating and non-lactating goats were obtained from a
local breeder; complete details of this technique have
been previously described (Pasieka, Guerin, and Mitchell,
1970, 1975; Pasieka, Calver, Kenny, Perusse, Guerin,
and Mitchell, 1975).

(b) Strains
N. gonorrhoeae 188 and G9 (Perry, Daoust, Diena, Ashton,
and Wallace, 1974) and strain MEL-gplOV (Arko, 1972)
were used. All strains were colony type 1 (Kellogg,
Peacock, Deacon, Brown, and Pirkle, 1963).

(c) Bacterial challenge
Cultures of N. gonorrhoeae, grown for 16 hrs on Gc agar
plus defined supplement (GcDS) (Diena and others,
1975) were suspended in Dulbecco's phosphate buffered
saline pH7-2, containing 0.1 per cent. gelatin (DPBG).
The suspensions were prepared to give, when diluted
1:50, an optical density of 05, using a Bausch and Lomb
Spectronic 20 at 540 nm (equivalent to 109 colony forming
units/ml.).

(d) Recovery of N. gonorrhoeae
Tests for the presence of gonococci in infected mammary
glands, consisted of inserting a sterile platinum loop into
the teat canal and streaking on to Thayer-Martin selective
medium (Thayer and Martin, 1966), GcDS, and Robert's
L form medium (Roberts, 1966).

(e) Serum and whey samples
Goats were bled and milked before instillation and then
weekly for 2 months. Milk and blood serum were prepared
as previously described (Pasieka, Calver, and others,
1975).
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Results and discussion
Lactating goats were instilled with suspensions of
N. gonorrhoeae standardized to contain known
amounts of micro-organisms. After preliminary tests,
it became apparent that a dose of 2-5 to 5 x 1010
gonococci was required to produce a limited in-
flammatory response in the mammary glands of these
goats. Minor swelling occurred in the gland after
48 to 72 hrs and pus accumulated in the teat. Viable
gonococci were recovered from injected glands only
up to 18 hrs after instillation (Figure): L colonies
were not recovered on either GcDS or Robert's
medium. Generally, as a result of the infection,
lactation was inhibited, but only for a few days.
Instillation of formalin-killed N. gonorrhoeae in
control goats evoked neither inflammation nor

swelling.
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F IGURE Recovery of N. gonorrhoeae from
mammary gland of lactating goats

In a second series of experiments, ten non-lactating
goats were challenged with live strains of N. gonor-
rhoeae: 188, G9, and MEL-gplOV. In these goats,
the right side of the gland was instilled with various
doses of viable organisms, and the left side, as the
control, was instilled with formalin-killed gonococci.
In all cases, severe inflammation and swelling ap-

peared only on the right side which had been instilled
with doses of 1 to 2 x 1010 viable gonococci. In-
flammation appeared to peak on the third day after
instillation and persisted for about 10 days. Viable
N. gonorrhoeae were recovered from the infected
glands for up to 18 hrs after instillation. Thereafter,
cultures from the exudate were invariably negative.
Fluorescent antibody staining (Peacock, 1970), how-

ever, showed organisms in the exudate up to 7 days
after instillation. The apparent inability of the gono-
cocci to survive in the pus of the teat canal of the
infected mammary gland for an extended period of
time is not too surprising, as Ward, Glynn, and Watt
(1972) showed that gonococci degenerated in 30 to
60 min. after phagocytosis by polymorphonuclear
leucocytes. It is interesting to note that of all micro-
organisms previously instilled into the goat mam-
mary gland (Pasieka and others, 1970, 1975), only
live gonococcal cells have evoked swelling and
inflammation.

Bentonite flocculating antigonococcal antibodies
were first detected in serum of lactating and non-
lactating goats 1 week after instillation of N. gonor-
rhoeae and in whey of lactating goats at the same time.
Details of the immunological response of the goats
to instillation with live and formalin-killed gonococci
will be reported elsewhere.

Experiments are presently being undertaken to
determine the efficacy of experimental vaccines to
protect the goat against this model infection.
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fully acknowledged. Special thanks are due for excellent
animal husbandry and care, to Mr. J. Simmons and
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